INTRODUCTION
Unplanned readmissions to hospital are common and have been considered potential markers of incomplete treatment, inadequate coordination of health services following discharge, or other deficiencies in the quality of care. [1] [2] [3] Hospital readmission rates are now a widely used performance indicator, both because readmissions are seen as being suboptimal from the patient perspective and because readmissions are costly. 1 Homelessness is a common social problem in major urban centers. Individuals experiencing homelessness face a higher burden of illness than comparable housed individuals. 4 Tuberculosis, HIV and hepatitis B and C are common, as are chronic conditions such as diabetes and hypertension. 5 In addition, homeless adults face a high lifetime prevalence of mental illness and substance abuse. 6 Due to high levels of chronic morbidity, inadequate living conditions, and barriers to obtaining appropriate outpatient care, patients who are homeless might be expected to have high readmission rates. 4, [7] [8] [9] These readmissions may pose a particular challenge for hospitals that serve communities with large populations of homeless individuals.
Few studies have examined readmission rates among patients who are homeless. A study by Kertesz and colleagues 10 reported a 90-day medical/surgical readmission rate of 21.2 % among homeless patients discharged from a single Boston hospital (they excluded pregnancy-related admissions). Buck and colleagues 11 examined all-cause readmissions (including psychiatric admissions) among homeless patients and a random sample of housed patients in Harris County, Texas, and found that homeless individuals were twice as likely to be readmitted. Doran et al. 12 observed a 30-day medical/ surgical readmission rate (excluding psychiatric admissions) of 50.8 % among homeless patients at a single large hospital in a mid-sized northeastern U.S. city. The reasons for the substantially higher readmission rate observed in this study compared to the Boston study are unclear. They may be related to the fact that all participants in the Boston study had at least some contact with an outpatient health care program specifically designed to meet the needs of homeless individuals. 12 Alternatively, it is possible that there are significant differences in the populations served between the two studies.
A different methodological approach to studying this issue is to examine hospitalizations in a representative community-based sample of homeless individuals, rather than identifying homeless patients who have been admitted to a particular hospital. This design would reduce the sampling bias that may result from studying a subgroup of the homeless population that presents to a single institution. Furthermore, readmissions should ideally be ascertained at all hospitals across a given region, rather than only at the hospital from which the patient was discharged. We therefore conducted this study of hospital readmissions in a cohort of homeless individuals in Toronto, Ontario, who were recruited at shelters and meal programs in the community. The first objective of this study was to determine the 30-day readmission rate of a representative sample of homeless adults in Toronto, compared to low-income controls matched for age, sex, and primary reason for admission to hospital. The second objective of this study was to identify risk factors associated with an increased odds of hospital readmission among homeless patients.
METHODS

Homeless Participants
This study examined a cohort of 1,165 homeless adults recruited at homeless shelters and meal programs in Toronto, Ontario, between 6 December 2004, and 20 December 2005. This cohort has been described previously. 13 Homelessness was defined as residing in a shelter, public place, abandoned building, or vehicle, or staying temporarily with another person ('couch-surfing') within the previous seven days, and not having a place of one's own. Individuals who did not meet this definition of homelessness were excluded, as were those unable to provide consent or unable to communicate in English. Individuals who had never been issued an Ontario health insurance number were also excluded, because having a health insurance number was necessary for linkage to administrative health data. Participants were recruited at random from shelter lists and meal lines, and were screened to determine their eligibility and interest in participating in the study.
Of the 2,516 adults who were screened, 882 (35.1 %) were excluded from the study based on the following criteria: 229 (9 %) were not homeless based on our definition; 104 (4.1 %) were unable to communicate in English; 54 (2.1 %) were meal program users who had accessed shelter services in the previous week; 53 (2.1 %) could not provide informed consent; and 442 (17.6 %) did not possess valid health card numbers. In addition, 443 (17.6 %) of the individuals screened for the study declined to participate, and two records were found to be duplicates. The final sample size prior to linkage with administrative health data was 1,189 individuals. Homeless study participants were administered a comprehensive survey instrument focusing on factors related to health care utilization, such as demographic factors, history of homelessness, physical and mental health status, alcohol or drug use challenges, and health care need. These variables were assessed as risk factors for readmission among the homeless cohort. The survey allowed us to include variables that are not available through administrative health data alone.
Administrative Health Data
Study participants consented to having their Ontario health insurance number, name, date of birth, and sex linked to provincial administrative health data at the Institute for Clinical Evaluative Sciences. Administrative health data were obtained for 1,165 of 1,189 (98 %) participants: 94 % of the sample had an exact match based on health insurance number and 4 % had a probabilistic match based on first name, last name, date of birth and sex.
The administrative health data was used to identify hospital admissions and readmissions over the 5-year observation period (6 December 2004 to 31 March 2009). Length of stay was grouped into clinically meaningful categories. Discharge disposition was classified as death, routine discharge to home or other residence (including shelter or street), discharge against medical advice, or discharge to care (transfer to a continuing care or long-term care facility, hospice, addiction treatment center, or jail).
We excluded both psychiatric and pregnancy-related hospitalizations from our analytic data set, as we hypothesized that the mechanisms underlying these types of readmissions would differ from those underlying medical/surgical readmissions. We also excluded hospitalizations within 30-days of discharge if the admission was coded as elective.
Matched Cohort Study Design
Using a matched-cohort design, we matched each hospitalized homeless participant to a hospitalized low-income control residing in Toronto, with matching on the basis of age (within 10 years), sex and Case Mix Group (CMG) of the homeless participant's first hospitalization during the study period. The CMG classification system categorizes patients based on primary reason for admission to an acute-care hospital and complexity level (no complexity; complexity related to chronic conditions; complexity related to serious/important conditions; complexity related to potentially life-threatening conditions). [14] [15] [16] For controls, low income was defined as residing in a census tract in Toronto with a mean household income in the lowest quintile.
Of the 1,165 homeless participants, 220 were hospitalized at least once during the 5-year period. We attempted to match each of these 220 individuals to a low-income resident, but found no match for 17 of the homeless participants. Our matched-cohort was thus reduced to 203 homeless participants and 203 low-income controls.
Primary Outcome
The primary outcome was the occurrence of an unplanned medical or surgical readmission within 30 days of discharge from hospital. Admissions that occurred within 30 days of discharge following subsequent hospitalizations were also considered readmissions, meaning that a single individual could have multiple readmissions over the course of the study.
Statistical Analysis
Descriptive statistics were compared using Chi-square tests for categorical variables and Independent t-tests for continuous variables. The readmission rate was calculated as the proportion of hospitalizations that resulted in an unplanned 30-day readmission to an acute care hospital. We used the GENMOD procedure in SAS version 9.3 with a logit link function to estimate the odds ratio for the association between homelessness and 30-day readmission. This procedure uses generalized estimating equations to make adjustments for repeat hospitalizations by setting the individual as the cluster variable. Homelessness was represented by a binary variable that distinguished homeless participants from their matched lowincome controls.
The analytic dataset for the risk factors analysis included all hospitalizations (n = 504) and all readmissions (n = 108) that occurred among the initial homeless cohort (N = 220), prior to matching to low-income controls. Risk factors were only assessed among the homeless cohort, since the equivalent variables were not available for the matched controls. We conducted multivariate analyses using generalized estimating equations to assess risk factors associated with readmission among the homeless cohort.
Variables included in the multivariate model were selected through an iterative process known as purposeful selection. 17 Univariate logistic regressions with generalized estimating equations were conducted for each of the variables listed in Table 4 . Variables that met the inclusion criteria of p ≤ 0.25 at the univariate stage were included in the multivariate model (alongside age and demographic group, which were forced into the model). Variables were removed or retained if a) the variable had a p ≤ 0.10, or b) the parameter estimate of a remaining variable(s) changed by 15 % or more upon its removal. Variables dismissed at the univariate stage were reintroduced back into the model to assess whether they had an effect in the multivariate model.
Variable Definitions
The following variables were used in our multivariate analyses. The age variable was categorized into clinically meaningful groups (< 25, 26-39, 40-49, ≥ 50). Our demographic variable was comprised of three categories: single male, single female and family adult. This distinction between single adults and family adults (e.g. adults with dependent children) has been made in the homelessness literature, given that family adults tend to be a unique subgroup of the homeless population with fewer health care needs. 13 Lifetime duration of homelessness was categorized into two groups: less than 2 years homeless versus 2 or more years homeless. Individuals with a history of traumatic brain injury were those who have had at least one injury to the head that left them Bdazed, confused or disoriented.^We used the Addiction Severity Index, which has been validated with homeless individuals, to assess for alcohol, drug or mental health problems. 18, 19 We used pre-established cutoff scores that are specific to the homeless population to dichotomize the problems into either absent or present. 20 In addition, the following selfreported variables were dichotomized as absent or present: having a primary care physician; having unmet need for health care; and, having unmet need for mental health care.
Physical and mental health status were assessed using the physical component summary (PCS-12) and mental component summary (MCS-12) of the Short Form Health Survey (SF-12), which has been validated in homeless populations. 21 Higher scores represent better health status. The selection of chronic health conditions was informed by the National Survey of Homeless Assistance Providers and Clients, and was categorized into four groups (0, 1, 2, and 3 or more conditions). 20 We included characteristics of the hospitalization that are likely to influence readmission rates, such as length of stay, discharges against medical advice, and discharges to care. Using administrative data, we identified whether an individual left hospital against medical advice or was discharged to care. The latter includes individuals who were discharged to a continuing or long-term facility, or another location with supports (such as a hospice, an addiction treatment centre, or a jail). The length of stay (days) was categorized into clinically meaningful groups.
RESULTS
The characteristics of the homeless participants and lowincome controls and the characteristics of their first hospitalizations are shown in Table 1 . The most common reasons for admission among the homeless participants were poisoning/ toxic effect of drugs, followed by pneumonia ( Table 2 ). The 504 hospitalizations among the homeless cohort are described in Table 3 .
Among the homeless participants who were successfully matched to a low-income control, there were 478 hospitalizations and 106 readmissions during the study period, corresponding to a crude readmission rate of 22.2 %. Among the low-income controls, there were 300 hospitalizations and 21 readmissions, corresponding to a crude readmission rate of 7.0 % (Fig. 1) . The majority of homeless participants (55 %) who did experience a readmission event were readmitted only once, and an additional 29 % of individuals experienced two readmissions. The remaining 19 % of homeless individuals experienced three or more readmissions. Among the lowincome controls, the vast majority (82 %) experienced only one readmission, 12 % experienced two readmissions, and 6 % experienced three or more readmissions.
Individuals with a history of homelessness had a significantly larger odds of being readmitted within 30 days as compared to the age-, sex-and CMG-matched low-income controls (OR = 3.79, 95 % CI 1.93-7.39). Readmissions among the homeless participants (n = 106) occurred 0-7, 8-14 and 15-30 days after discharge in 45 %, 23 %, and 32 % of events, respectively. Corresponding percentages for readmissions among the low-income controls (n = 21) were 29 %, 38 %, and 33 %. There was no significant difference in the distribution of the time of readmissions between the two groups (χ 2 = 2.82, p = 0.24). In the multivariate model, only two variables were found to be independently associated with hospital readmissions among the homeless patients (Table 4) . First, individuals who left the hospital against medical advice had significantly larger odds of being readmitted compared to those who did not (OR = 1.96, 95 % CI 0.99-3.86). Second, individuals who reported having a primary care physician had more than two and a half times the odds of being readmitted within 30 days as compared to those without a primary care physician (OR = 2.65, 95 % CI 1.05-6.73).
INTERPRETATION Main Results
Readmission rates have become accepted as a hospital performance indicator, particularly with the establishment of the Hospital Readmissions Reduction Program (HRRP) by the Patient Protection and Affordable Care Act (U.S), which ties compensation levels to the hospital's readmission rate. 22 As of October 2012, hospitals performing worse than the national risk-adjusted average for 30-day readmission for certain conditions will be penalized. In this context, hospitals have strong incentive to identify modifiable risk factors for readmission and to implement interventions that target patient populations at high risk of readmission. This study examined hospital readmissions in one such patient population.
Even after selecting for age and sex-matched low-income controls who had been hospitalized for the same conditions as the homeless participants, homeless patients still had nearly four times the odds of being readmitted within 30-days as compared to the controls. Furthermore, homeless patients who left hospital against medical advice were almost twice as likely to be readmitted compared to those who did not. Homeless participants who reported having a primary care physician were also more likely to be readmitted within 30 days as compared to those without a primary care physician.
Related Studies
We found readmission rates that are similar to those reported by Kertesz et al. 10 (21.2 %), but substantially lower than the rate (50.8 %) reported by Doran and colleagues. 12 There may be several methodological and contextual reasons for these differences. Unlike our analyses (which excluded elective admissions), Doran et al. 12 include both planned and unplanned 30-day readmissions. In addition, Doran's study was conducted at a hospital that appears to serve a particularly complex patient population, given that they reported a high readmission rate (18.7 %) even among their control group of general Medicaid patients. 12 The high readmission rate reported by Doran et al. 12 may also reflect fewer support services for homeless individuals residing in the study city, as compared to those that are available in Toronto and Boston. Other possible explanations are higher severity of illness among homeless individuals in the U.S. compared to Canada, due to lack of universal health insurance and poorer access to care for low- Figure 1 . Flowchart of hospitalizations and 30-day readmissions among homeless participants and low-income controls. * Among these 220 homeless participants, there were a total of 504 hospitalizations and 108 readmissions within 30 days prior to matching to low-income controls (see Table 3 ).
income individuals. Buck and colleagues 11 compared readmission rates among homeless patients to a random sample of housed adults from the same hospital district, and determined that patients who are homeless are at twice the risk of being readmitted. They do not report whether readmissions were planned or unplanned.
We found two variables that were independently associated with hospital readmission among the homeless cohort. Leaving hospital against medical advice has previously been found to be associated with an increased risk of readmission. [23] [24] [25] In our study, a high proportion of hospitalized homeless participants left against medical advice (9.3 %), compared to the national average of 1.3 %. 26 In addition, having a primary care physician has previously been shown to be associated with an increased risk of readmission, possibly because having a physician may lead to earlier detection of clinical deterioration, and a lower threshold for referral to an emergency department. 27 Regardless of the mechanism, it may be considered promising that patients who are most likely to be readmitted are connected to the health care system by their primary care physician. This suggests that primary care physicians could serve as the vehicle for interventions to reduce readmissions among patients who are homeless.
Strengths and Limitations
The analyses presented in this study benefitted from the use of both survey data obtained from in-person surveys and linkage to administrative health data. Unlike previous studies, hospital admissions and readmissions were identified using administrative health databases in a system with universal health insurance, allowing for the detection of all admissions to every acute care hospital in the entire province. Recruitment of participants in the community (rather than identification of patients as homeless at the time of admission) allows for a more representative sample of homeless individuals in which to assess readmission rates. In addition, we did not censor our data after the first readmission in order to more accurately reflect the health care utilization patterns of patients who are homeless. However, this study has certain limitations. Individuals without a health insurance number were excluded from this analysis, which resulted in the exclusion of persons who were refugees or had no legal status in Canada, as well as individuals who had recently moved to Ontario. As such, our study is not generalizable to these groups of individuals. In addition, controls were residents of low-income neighborhoods in Toronto, but individual-level data on the income level of controls were not available. It is also possible that 
CONCLUSION
Given high levels of complexity, in combination with potentially inadequate discharge policies, patients who are homeless will likely require targeted interventions to mitigate their risk of readmission. Since individuals with a primary care provider were more likely to be readmitted, these care providers may be well positioned to address high readmission rates among their patients. Possible interventions may include asking all patients about their housing status, and connecting patients experiencing homelessness or at risk of homelessness to available community resources. With regards to hospitalized homeless patients, these individuals could be discharged to respite care, which has been found to be effective in reducing readmissions among this population, particularly when services are specifically targeted to the needs of individuals experiencing homelessness. 10, 28 Hospitals have been faced with the challenge of addressing readmission rates among the patients they serve. This becomes all the more difficult when poor health status is accompanied by a myriad of social and economic complexities, as with patients who are homeless. Further research is needed to evaluate interventions to reduce readmissions among this patient population with complex health care needs.
